Introduction: The purpose of this investigation was to: (1) to determine the reliability of rectus femoris muscle cross-sectional area and echo intensity obtained using panoramic ultrasound imaging during seated and supine lying positions before and after a 5-minute rest period and (2) to determine the influence of body position and rest period on the magnitude of rectus femoris muscle cross-sectional area and echo intensity measurements. Methods: A total of 23 males and females (age ¼ 21.5 AE 1.9 years) visited the laboratory on two separate occasions. During each visit, panoramic ultrasound images of the rectus femoris were obtained in both a seated and a supine position before (T1) and after a 5-minute (T2) rest period to quantify any potential changes in either muscle cross-sectional area and/or echo intensity. Results: None of the muscle cross-sectional area or echo intensity measurements exhibited systematic variability, and the ICCs were 0.98-0.99 and 0.88-0.91, and the coefficients of variation were 3.9% and 8.2% for muscle cross-sectional area and echo intensity, respectively. Our results indicated that muscle cross-sectional area was greater in the seated than supine position, whereas echo intensity was greater in the supine position. Further, echo intensity increased in the seated position from T1 to T2. Conclusion: Both rectus femoris muscle cross-sectional area and echo intensity may be reliably measured in either a seated or supine lying position before or after a 5-minute rest period. Aside from echo intensity in the seated position, rest period had no influence on the magnitude of muscle cross-sectional area or echo intensity. Comparison of muscle cross-sectional area values that are obtained in different body positions is ill-advised.
Introduction
Ultrasound (US) imaging has gained attention for its ability to provide valid, 1,2 reliable, [3] [4] [5] [6] [7] and sensitive [8] [9] [10] [11] [12] [13] measurements of skeletal muscle size. Recent advancements in US technology include the ability to construct two-dimensional cross-sectional images of muscles (i.e., muscle cross-sectional area; mCSA) from panoramic US scans, which has further increased the popularity of US imaging for muscle size measurements. Furthermore, when compared to magnetic resonance imaging and computerized tomography, US is more time-and cost-effective. Consequently, many studies have utilized this technology to examine acute skeletal muscle swelling in response to exercise, 14, 15 the effects of resistance training on skeletal muscle hypertrophy, 1, 12, 16, 17 the effects of detraining or aging on skeletal muscle atrophy, [18] [19] [20] [21] among other applications.
In addition to mCSA, a novel measurement that can be obtained from a panoramic US scan is the echo intensity (EI) of skeletal muscle. This measurement originally attracted interest as a method to noninvasively assess the composition of muscle tissue as a surrogate to muscle quality. [22] [23] [24] However, EI has also been shown to be related to changes in cellular glycogen content 25, 26 and sensitive to tissue hydration, 27 resistance training adaptations, [28] [29] [30] and muscle damage. 14, 31 Thus, due to its sensitivity and the ease with which it can be measured, EI has also become a popular noninvasive measurement of skeletal muscle status with a wide-variety of applications. Typically, panoramic US images of the leg extensors are performed while subjects are lying supine. Furthermore, scans are typically only taken after the subject has rested quietly for several minutes due to the suggestion that regional fluid shifts occur from the action of gravitational forces within the muscle and subcutaneous tissue, 32 which may ultimately alter mCSA and EI measurements. Arroyo et al. 3 compared the effect of supine rest on muscle size and EI of the vastus lateralis (VL) and did not observe changes in muscle thickness or EI across time, but did observe a time-dependent decrease in mCSA. The authors noted that ''further research involving the rectus femoris is required to determine whether time of supine rest may differentially affect ultrasound measurements of the other thigh components'' (p. 3). Arroyo et al. 3 also did not report how rest time affected the reliability of their measurements. Finally, because of the anterior location of the rectus femoris (RF) and the ease with which it can be imaged while seated, investigators may wish to know the effect of body position (i.e., seated vs. lying prone) on the reliability and magnitude mCSA and EI measurements of the RF.
Therefore, the purpose of this investigation was to: (1) to determine the reliability of RF mCSA and EI obtained using panoramic US imaging during seated and supine positions before and after a 5-minute rest period and (2) to determine the influence of body position and rest period on the magnitude of RF mCSA and EI measurements. ). Prior to enrollment in the study, written informed consent was obtained from all participants. Following consent, each participant completed an exercise history questionnaire to quantify individual exercise habits. The participants in this study were currently performing an average of 5.9 AE 4.0 hours/week of aerobic exercise, 3.2 AE 2.1 hours/week of resistance exercise, and 2.1 AE 1.0 hours/week of recreational exercise. In addition, participants had performed aerobic, resistance, and recreational exercise for 10.0 AE 5.6 years, 5.6 AE 4.4 years, and 9.1 AE 5.4 years, respectively. All participants were instructed to refrain from engaging in any lower body physical activity 48 hours prior to testing. This investigation was approved by the University's Institutional Review Board (IRB #: ED-16-164).
Materials and methods

Participants
Experimental design
Participants reported to the laboratory on two occasions, separated by 48 hours, for US examination of the RF of the right leg. During each visit, panoramic US images of the RF were obtained in seated and supine lying positions before (T1) and after a 5-minute (T2) rest period. The US images were analyzed following image acquisition to quantify mCSA and EI.
Ultrasonography
Upon arrival to the laboratory at visit one, height and weight were recorded for each participant (Physician Scale 439; Detecto, Webb City, MO). Images were then obtained using a brightness mode (B-mode) ultrasound imaging device (General Electric LOGIQ S8, Wauwatosa, WI) and a multi-frequency linear-array probe (Model ML6-15-D 4-15 MHz, 50-mm field of view). To maximize acoustic coupling and reduce near-field artifacts, a generous amount of water-soluble transmission gel was applied to the skin and ultrasound probe. The ultrasound probe was positioned on the skin surface over the RF, and great care was taken to ensure that the ultrasound probe was oriented perpendicular to the RF and that consistent minimal pressure was applied to the probe to limit compression of the muscle. The image gain was set at 50 decibels (dB), the frequency at 12 megahertz (MHz), dynamic range was set at 72 dB, and the image depth was set at a range of 5-7 cm. Image depth was dependent on the tissue thickness of individual participants' thigh but was kept consistent within individuals. Panoramic US images of the RF were taken along the axial plane at 50% of the distance from the anterior superior iliac spine to the proximal border of the patella. 10 This location was marked and used on both testing days.
During testing, participants were examined in two different body positions: (1) seated upright on the edge of the padded plinth with their leg relaxed, hanging freely, and a 90 joint angle at the knee ( Figure 1 (a)), and (2) lying supine atop a padded plinth with their legs completely relaxed on top of a pillow and the foot of the measured leg braced in a custom-made foot mold that prevented external rotation of the femur (Figure 1(b) ). Participants were asked to assume each position, seated and supine at two separate time points during both visit one and two. During each position and time point, three transverse panoramic images were captured from the RF (i.e., 12 total images). First, images were acquired with participants situated in the seated position (ST T1 ) (Figure 2(a) ). Directly following the acquisition of ST T1 images, participants were instructed to lay supine, and images were captured immediately once set in the supine position (SP T1 ) (Figure 2 
Ultrasound image analysis
All images were analyzed using image analysis software (ImageJ, version 1.50i) available from the National Institutes of Health (NIH, Bethesda, Maryland). To determine RF mCSA, the images were analyzed by selecting a region of interest that included as much muscle as possible without including any surrounding fascia using the polygon function in ImageJ. RF EI was quantified by analyzing the gray-scale of each individual image through the application of the standard histogram function in ImageJ to the same region of interest used to determine mCSA. The average EI was calculated as an arbitrary unit (au) value between 0 and 255 (0 ¼ black; 255 ¼ white). [33] [34] [35] The three mCSA (cm 2 ) and EI (au) values were then averaged for each of the body positions at T1 and T2 (i.e., SP T1 , ST T1 , SP T2 , ST T2 ) and used for further analysis.
Statistical analysis
One-way repeated-measures analyses of variance (ANOVAs) were used to compare the means between visits for systematic variability. Test-retest reliability for mCSA and EI was examined by calculating the intraclass correlation coefficient (ICC) using model ''2, k'' because this model can be generalized to other testers and laboratories. The 95% confidence interval (CI) for each ICC 2,k was also calculated as described previously 36, 37 and was used to test the null hypothesis that each ICC was equal to zero and that ICCs were equal independent of position or time. 38, 39 For measures of absolute reliability, the standard error of the measurement (SEM) was calculated as the square root of the mean square error term from the ANOVA table. 40 The coefficient of variation (CV) was calculated as a normalized measure of the SEM by expressing the SEM relative to the grand mean. 41 All data were analyzed using IBM SPSS Statistics v. 23 were used to analyze mCSA and EI. Significant interactions were decomposed with follow-up, lower-order ANOVAs, and Bonferronicorrected dependent samples t-tests on the simple main effects. Significant main effects that were not involved in an interaction were analyzed with Bonferroni-corrected dependent samples t-tests on the marginal means. Partial-eta squared effect sizes ( 2 p ) were calculated for each ANOVA. All statistical analyses were completed using IBM SPSS Statistics (v. 22; Armonk, NY) and a type I error rate was set a priori at 5%.
Results
Reliability
The grand means and test-retest reliability statistics of mCSA and EI for each position are displayed in Table 1 . There was no systematic variability between visits 1 and 2 for any of the dependent variables (p > 0.05). The ICC 2 , k for each dependent variable was greater than zero (p 0.05). Furthermore, the ICC 2,k 's were not different among position and time of measurement for either mCSA or EI, as indicated by the overlapping 95% confidence intervals. The CVs for mCSA and EI were 3.9% and 8.2%, respectively. In agreement with the ICCs, the CVs did not appear to be dependent on the position or measurement time for mCSA or EI.
Muscle cross-sectional area visit) was greater in the supine position compared to the seated position at T1 and T2 (p BC < 0.001). Furthermore, EI (collapsed across time) was greater for the supine position during both visits (p BC < 0.001) but did not change from visit one to visit two in either the seated or supine positions ( Figure 5 ).
Echo intensity
Discussion
We examined the influence of body position and a 5-minute rest period on the reliability and magnitude of US assessed mCSA and EI. The primary results of the present study indicated that the ICCs and CVs for mCSA ranged from 0.98 to 0.99 and 2.8% to 4.4%, respectively. The ICCs and CVs for EI ranged from 0.88 to 0.91 and 6.5% to 8.2%, respectively. There was also no systematic difference in either of the mCSA or EI measurements from visit 1 to visit 2. Furthermore, the reliability of mCSA and EI did not appear to depend on the position or the time at which the US images were taken. However, body position did influence the magnitude of RF mCSA, which was greater in the seated than supine position, and influenced EI, which was lower in the seated than supine position. In addition, EI increased in the seated position from before (ST T1 ) to after (ST T2 ) the 5-minute rest period. Therefore, overall, our results suggest that although ultrasound measurements of RF mCSA and EI are comparably reliable when performed in a seated or supine position before or after a 5-minute rest period, body position influenced mCSA and both the body position and rest period influenced measurements of EI. Typically, panoramic US images of the leg extensors are performed when subjects are supine after several minutes of resting quietly. Several studies have quantified the test-re-test reliability of RF mCSA in this position, 5, [42] [43] [44] whereas only one to our knowledge has reported RF EI, 45 and have reported high ICCs (i.e., 0.982-0.993) and low CVs (i.e., 2.8-4.4%) for these measurements. In the present study, however, we were interested in whether (1) providing a rest period before obtaining ultrasound images; and (2) the body position in which subjects were situated when images were obtained would affect the reliability of mCSA and EI measurements. Our results suggested that the RF mCSA and EI measurements obtained in this study were comparably reliable to those reported previously. 5, 46 Moreover, the 95% CIs for the ICCs for mCSA and EI in the present study overlapped, indicating that relative reliability was not dependent upon body position or the time at which the images were obtained. Therefore, our results agree with and extend previous studies reporting the reliability of RF mCSA and/or EI. 5, 46, 47 RF mCSA and EI demonstrate high relative and absolute reliability independent of body position or regardless pre-or postsupine rest period. There was a no change in mCSA from T1 to T2; however, mCSA was significantly greater in the seated when compared to the supine position. The lack of change in mCSA between T1 and T2 suggests that a prescribed rest period has very little influence on the measurement of RF mCSA. In contrast, our data suggest there was an effect of position on RF mCSA, which is likely due to the bi-articular architecture of the RF. 48 Specifically, the RF originates from the anterior inferior iliac spine and the rim of the acetabulum and the fibrous capsule of the hip joint and inserts at the tibial tuberosity via the patellar ligament. 49 Thus, the RF is shortened when both the hip and knee are flexed, as in the seated position, and lengthened when the hip and knee are extended, as in the supine lying position. 50 Therefore, it is not surprising that RF mCSA was greater in the seated versus supine position. Given the reliability of RF mCSA measurements in the seated and supine positions, our data suggest that obtaining mCSA measurements are valid in either position, but comparison of mCSA values across positions is unnecessary. Furthermore, future studies need to examine the extent to which a change in body position would affect the other muscles of the quadriceps femoris, since these muscles are uniarticular.
Arroyo et al. 3 previously reported that supine rest periods had no effect on EI of the VL. However, Arroyo et al. 3 noted that future studies were needed to determine whether rest periods might influence other muscles such as the RF. Similar to Arroyo et al., 3 we did not observe a change in EI after the rest period when US images were obtained with subjects in the supine position. In contrast, we observed an increase in RF EI after the rest period when the images were obtained in the seated position. Therefore, our data suggest that body position may influence the need for a rest period before obtaining US images. Alternatively, it is possible that greater changes were observed in the seated than supine position due to the order of testing (i.e., seated, supine, supine, seated), but this seems unlikely given the minimal amount of time between the seated and supine measurements at T1 and T2. It is also possible that regional fluid shifts had a greater effect on the images obtained in the seated than supine positions, but studies are needed to further explore this effect. Overall, if images are obtained in the supine position, our data in combination with those of Arroyo et al. 3 suggests that a supine rest period may not be necessary when measuring mCSA or EI of the leg extensors.
In the present study, EI was also greater in the supine than seated positions. As previously discussed with mCSA, it is likely that this is a result of joint position related changes in the shape of the RF due to its anatomy or changes to the curvature of the thigh (Figure 1 ). For example, EI is influenced by factors such as curvature of the limb and the angle of incidence of the US probe, which may have changed due to body position. Anecdotally, we noted that the RF appeared flatter in the images obtained in the supine than seated position. This would cause the lower boundary of the RF to be in closer proximity to the US probe and provide less opportunity for US wave attenuation. In either case, our results suggest that comparison of EI values across positions, like mCSA, is inadvisable.
The purpose of this study was twofold: (1) to determine the reliability of RF mCSA and EI obtained using panoramic US imaging during seated and supine lying positions before and after an often-recommended rest period and (2) to determine the influence of body position and rest period on the magnitude of RF mCSA and EI measurements. Overall, the results of the present study indicated that panoramic US imaging is a reliable technique for measuring mCSA and EI of the RF. Additionally, our data suggest that a 5-minute rest period has no effect on RF mCSA measurements or on EI in a supine position, though, EI was greater after the rest period in the seated position. Moreover, body position influenced both mCSA and EI, which were greater and lower, respectively, in the seated versus supine position. Therefore, reliable measurements of RF mCSA and EI may obtain in either position and before or after a prescribed rest period to allow for potential fluid shifts. 32 Aside from EI in the seated position, rest period had no influence on the magnitude of mCSA or EI, and a comparison of mCSA values that are obtained in different body positions is ill-advised.
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